Abstract: Human behavior is founded on a complex interaction of influences that derive from sources both extraneous and intrinsic to the brain. It is the ways these various influences worked together in the past to fashion modern human cognition that can help elucidate the probable course of future human endeavor. A particular concern of this chapter is the way cognition has been shaped and continues to depend on prevailing environmental and ecological conditions. Whether the human predicament can be regarded simply as another response to such conditions similar to that of other organisms or something special will also be addressed. More specifically, it will be shown that, although the highly artificial niche in which most humans now live has had profound effects on ways of thinking, constraints deriving from a shared evolutionary heritage continue to have substantial effects on behavior. The way these exigencies interact will be explored in order to understand the implications for the future wellbeing of humanity.
Introduction
It was quite recently thought that perhaps humans or Homo sapiens sapiens (hereafter Hss), to give this species its correct etymological name, was simply a more sophisticated version of a chimpanzee. Although this idea stimulated much popular acclaim, it was primarily based on the notion that humans evolved some six million years ago from a chimpanzee-like species with the latter remaining unchanged when, in fact, both humans and chimpanzees have undergone their own evolutionary trajectories since diverging from a yet unknown common ancestor. In effect, the chimpanzees of today may be completely different from their ancestors in the same way that humans differ from hominin OPEN ACCESS ancestors both physically and mentally. Given very few fossils exist that can specify the heritage of any of the great apes, it is more than likely they underwent considerable evolutionary change different to that of Hss [1] . This, it should be emphasized, does not presuppose a discontinuity between Hss and other primates, rather the behavioral profile of humans needs to be seen in relative terms as distinct from that shared by other primates.
Although it is obvious humans are, in fact, primates, the question arises as to what led to the differences that separate Hss from all nonhuman primates. In other words, are we special, and, if so, how did this come about? Addressing these questions may help formulate a better understanding of the issues regarding the human condition and the consequences for what has been termed the Anthropocene [2] ; where it is acknowledged humans have altered the world extensively through niche construction to the extent that this now impacts on the environment and ecology in significant ways. These issues have important implications not just for the future of humans as a species but also the other organisms with whom we share the planet. In order to explore these questions, I begin with a consideration of brain evolution, after which I show how this relates to population dynamics, cumulative culture, the construction of social groups and extended communities. The emphasis throughout will be to demonstrate that the behavior of Hss was shaped by the prevailing environmental context whether natural or artificial.
The Basis of Human Behavior

Evolution of the Human Brain
The common ancestor of chimpanzees and Hss is now thought to be a completely different entity anatomically and cognitively to any modern-day primate. In the case of Homo, this has been confirmed by Ardipithicus ramidus, a four and half million year old hominin whose anatomy already exhibited some of the anatomical traits that typify humans [3] (some yet older species such as Sahelanthropus and Orrorin tugenensis provide further corrobotation) including feet adapted more to bipedalism and reduced sexual dimorphism. In fact, a lack of aggression among males and between groups seems already in evidence in Ardipithicus as manifest in the similarity in canine size between males and females compared to the pronounced differences found in chimpanzees [3] . Along with Ardipithicus, Orrorin and Sahelanthropus, the australopithecines are thought to be, if not one of our earliest ancestors, then something quite similar. A fact often mentioned is that the brain of this species is about the same size as modern-day chimpanzees. However, considering the reservations already alluded to, it seems imprudent to draw firm conclusions regarding similarities in behavior between australopithecines and chimpanzees. This is especially so, as what made Australopithecus a separate species was the very fact they inhabited a different ecological niche and were probably responsible for making some Oldowan tools [4] , which, although rudimentary, are beyond the capability of chimpanzees in their natural environment [5] (it has, however, recently been shown that bonobos can produce simple core and flake tools but this was achieved in an artificial environment with human-savvy apes [6] ). The ability to extend the body by employing implements led to a -techno-organic‖ proclivity, where teeth were supplemented by tools leading to a reduction in both teeth and jaw size [5] . In essence, tools became external incisors that could be utilized in various ways for extracting food resources and improving hunting and foraging outcomes. Moreover, it may not have been brain size alone that led to improved cognitive abilities but neural reorganization, which is discernible in the brain of Australopithecus three and a half million years ago [7] (though this continues to be contested) suggesting that the neural systems required for integrated thinking were already in the making. Changes in brain organization in early hominins seems to have led to an adaptive radiation where a host of similar species existed alongside Homo erectus, a fact recently confirmed by recent discoveries of two new hominins from Kenya [8] . Given that there were a number of hominin species vying for the same niche, why, then, are we the only species of this genre to have survived in contrast to other large primates that are anatomically similar?-a question that will be addressed in due course. It is probable that the evolutionary driving force leading to brain enlargement and reorganization was mediated by the advantages to be gained from the social interaction required in belonging to increasingly larger groups [9, 10] . The means by which this transpired provides an interesting insight into how human behavior and socio-cultural traits evolved.
The Emergence of -Mind‖
Although the enlargement and reconfiguration of the brain began at an early date, perhaps an equally important factor concerns the immediate phenomenological awareness experienced by the mind. Such experience is obviously directly related to consciousness but, as demonstrated by modern neuroscience, consciousness is a sophisticated compelling illusion [11, 12] -which may have partly evolved from the needs required for a highly social brain. Although it is thought nonhuman primates possess a rudimentary conscious sense, this is restricted to the here and now due to a limited memory tied to immediate circumstances [13] . A slightly larger more interconnected brain would have allowed early hominins to begin escaping the tyranny of the present in that the neural networks were able to hold information in reserve for further consideration [14] . Integration of this kind is essential for the ability to make tools some 2.4 million years ago as it involves interlinking a number of cognitive modules such as visuo-spatial, perceptual and imitative faculties. This ability, although realized in the mind, therefore originated from making simple tools and the increased social interaction accorded, both which required extra information-processing capacities in the brain. One advantage of this was the ability to plan on a number of levels, e.g., coordination of resources over time, acting out scenarios for better performance in actual situations, predicting events, etc.
A better understanding of the mind has been furthered through evolutionary psychology [15] where human thinking is deemed to stem from, and even now continues to rely upon, evolutionary criteria that promoted the survival of hominins over the long term through the environment of evolutionary adaptiveness. There are several reasons why evolutionary instantiated domains persist in the mind, including the poverty of stimulus and a combinatorial explosion whereby it is impossible to correlate and organize all new environmental information ontogenetically [16] . Put another way, evolution has provided cognitive systems predisposed to detect and assimilate certain environmental and social cues crucial to human survival, which means each individual does not need to learn anew the intractable complexities appertaining (which would be impossible given the lifespan of humans). Such constraints are thought to emanate from the modular structure of the brain involving specialized areas for processing specific kinds of information such as faces (for decoding facial expression and mood), animals and organic forms (for the detection of potential predators and food), tools (for making and manipulating objects) [16] . In addition, there are more diffuse cognitive domains relating to folk psychology (providing guesses as to how others think), cheater detection, foraging mechanisms, alliance-tracking, agent detection, etc. These domains provide a foundation on which present-day human cognition is based as such long-term evolutionary instantiated faculties cannot be countermanded by more recent short-term cultural events. For example, an immediate fear of snakes and spiders continues to exist although no such fear response exists for cars that kill and maim far more people in modern technological societies. Moreover, phobias for snakes and spiders, as well as animals in general, are far more frequent and are extremely difficult to counteract in modern populations compared to phobias concerning everyday objects [17] . It is pertinent that many phobias and anxiety syndromes are also associated with fear of social contact that lead to social exclusion and isolation. Interestingly, when individuals feel under threat or are emotionally aroused (e.g., when panic ensues), these domains become more pronounced and dictate behavioral outcomes. Conversely, when conditions are favorable with resources in abundance, individuals tend to over indulge even when this is deleterious to health. For example, as sweet fruits and salt were often in short supply, now that sugared foods and salt are cheap and readily available these items tend to be over-consumed leading to obesity and associated illnesses e.g., increased risk of diabetes, heart problems, high blood pressure. Preferences of this kind are particularly significant because they stem from the way the mind has been structured by the evolutionary past of Homo. Such enduring biases depend on the predilection of the brain for particular items or set of behaviors that become abnormal in situations of abundance and are often manifested culturally by an obsession for certain objects or activities.
The important contribution of evolutionary psychology to understanding the human mind, therefore, is that, contrary to the recent commonly held view that the mind is infinitely pliable, it appears thinking continues to be channeled and constrained by our evolutionary past, which has consequences for how humans relate to the world. From this perspective, the dichotomy of innate versus learned or biological versus cultural dissolves as all evolved mechanisms require environmental input to be realized [18] . The recent -new thinking‖, which challenges evolutionary psychology by positing the primacy of general learning mechanisms mediated by immediate environmental input [19] , can be assimilated with the above analysis in that one important aspect of human behavior is emphasized-namely the obvious flexibility to certain situations. Seen from this standpoint, Hss is endowed with a propensity to learn that was shaped by past evolutionary events. Human behavior therefore has to be regarded as a complex suite of traits, some that are channeled by evolutionary instantiated cognitive domains whereas others are more flexible and responsive to immediate circumstances, including the presiding cultural context [18] . This reflects the gene-culture co-evolutionary framework that is increasingly referred to by scholars from various disciplines assessing how human behavior relates to evolution [20] .
The Slow Development of the Human Mind
Although humans share a large part of their genes with chimpanzees, this similarity needs to be viewed in the context of that which really separates humans from other primates that takes place during development of the phenotype in relation to what is termed -evo-devo‖ [21] . This is underscored by the fact genes are not static blueprints that determine the course of development but are dynamic agents that respond to environmental input during development itself. Thus, genes are more like sensitive switches that can be turned on and off during development in response to environmental cues. Nevertheless, although genes respond dynamically to environmental input, the leeway extended is dictated by previous enduring evolutionary constants appertaining to Homo as a species that is encoded in the genotype. Thus, the behavior of a species is determined by its evolutionary past that can be tempered by environmental circumstances within the limits specified by the overarching genetic code. One of the main environmental influences affecting human development is socio-cultural input, which needs to be factored in when considering how cognitive development proceeds. The much longer period of development in humans compared to other primates, as expressed in neoteny and pedomorphism (retention of juvenile features), suggests socio-cultural factors became crucial to human behavior [22] , probably as early as 500,000 years ago if not before. Indeed, cumulative culture became particularly important to humans on a number of levels, especially when the associated environmental niche became progressively artificial. It seems that the escalating dependence on cultural evolution in Homo, which was sifted through existing adaptive biases, evolved as a way of counteracting both immediate experience and rudimentary intuitive responses [23] .
Group Selection
The question arises as to how culture became so vital to human survival and identity. Although Darwinian evolution is based on the individual rather than the group, there has been a growing tendency to regard humans as an exception in that the group has become crucial to hominin evolution. Indeed, a growing consensus posits that what differentiates humans from nonhuman primates is group dynamics thanks to a co-evolutionary epigenetic process that encompasses socio-cultural factors [20, 24] . Cultural group selection is therefore increasingly referred to as a way of explaining archeological and anthropological data during the late Pleistocene [25, 26] . As Hss is the only primate able to function at this level, it has been surmised this is because a significant adaptive valley needed to be crossed [26] , which suggests Homo evolved along a specific evolutionary trajectory that, once begun, could not easily be retraced. This is especially the case with a large brain that comes with a considerable number of problems such as the amount of energy consumed, difficulties at birth, the alignment of such a heavy organ on top of an erect body, and the increased vulnerability associated with an extended childhood.
An enlarged, more complex brain is associated with an extended social group size [27] . Thus, compared to chimpanzees, humans form extensive social groups composed of relatives and non-relatives in both small and larger communities. Although the core group can range up to 150 individuals, with the arrival of institutional organizations group numbers expanded to thousands with the ability to form cross-group alliances, trading ties, and intermarriages. Conversely, in chimpanzees, the appearance of chimpanzees from neighboring groups leads to aggression rather than cooperation [28] , though this seems not to be the case with bonobos. Humans occupy a midway position between these two primate groups (recently confirmed by neuroimaging of chimp and bonobo brains [29] ) as, besides cooperative behavior, Hss often indulge in bouts of aggression and violence towards out-groups. Bonobos, however, have been found to be more cooperative than chimpanzees in tasks requiring more than one individual to retrieve a food item in that they not only help one another but share the food obtained [30] . This confirms the -emotional-reactivity hypothesis‖ where the control of temperament is crucial to prosocial behavior, a capacity in which humans excel. In this respect, research has found that, although chimpanzees and humans share prolonged development of prefrontal white matter after birth, only humans exhibit a dramatic increase in prefrontal white matter during infancy, which is associated with complex social abilities [31] . Thus, human cooperation involves both kin and significant non-kin, which applies to the smallest hunter gatherer groups [32, 33] . Such extended cooperation as a means of expelling free riders and cheaters from a community through collective decision making which, through a co-evolutionary mechanism, eventually led to prosocial behavior that was reinforced by cultural imperatives.
Hence, one of the main evolutionary driving forces that gave rise to the Homo line concerns social communication. Dunbar [10, [34] [35] [36] , for example, has shown that early Homo probably replaced time-consuming grooming for maintaining alliances, common in non-human primates, with a more efficient communication system that led to speech thus allowing a greater number of individuals to participate in an alliance network. Dunbar, convincingly, shows that the number of individuals in such a network correlates with brain size; a view that is not incompatible with the reorganization of important neural structures. However, enhanced social interaction did not evolve in isolation as it would have been connected to a raft of important co-occurring events involving the use of tools, improved communicative abilities for hunting and foraging, and a degree of specialization in functions promoting extended childrearing [9] . For example, it has been found that when chimpanzees are taught to make and use tools, this increases socialization [37] . From this standpoint, a number of factors acted together in that, in order for brain size to increase, a diet rich in meat and associated animal products was required [38] , which could only proceed with the invention of better tools, the making and use of which (especially in hunting large game) necessitated more sophisticated communicative modes. These factors were therefore bound together within the context of a social system where group numbers could increase. It is thought male-female bonding (as in romantic love) arose in this context by allowing males to be absent from the home base while hunting that served as a means of creating permanent ties between the sexes necessary to provide sufficient level of protection and care for children over an extended period [9] . These factors coalesced to establish the artificial niche that typifies human material culture [39] -whether this was realized in practical technologies or artifacts with no obvious practical efficacy (e.g. art-like objects). In sum, these various factors allowed a social system to emerge based on trust that extended beyond immediate kin to encompass significant others in a community. Aggression, however, continued to be part of the psychological profile of hominins, yet this was counterbalanced, if not transcended, by an increasing tendency to engage in cooperative behavior.
Small and Large Scale Societies
Compared to 50-60 in nonhuman primates, extended social networks based on trust allowed natural group size to expand significantly in hominins which, according to brain size correlation, approached 120-130 individuals by about 500,000 years ago [10, 40] . When this size is reached, new founder populations tend to split from the main group to form new communities. In Hss, the maximum functional group size is believed to be approximately 150. This is because, in groups limited to no more than 150, it is possible for individuals to keep personal track of other group members that is difficult when this number is exceeded, which is probably the main reason new founder groups emerge when this number is surpassed. One way this number can be circumvented to permit much larger population levels within a specified group is through culture. However, before discussing the merits of culture, we need to determine the factors that gave rise to its emergence.
Although chimpanzees evince some basic cultural traits as manifest in different tool types and certain behaviors, these are not concerted group-oriented practices accumulated over time that arise from intentional/informed instruction. In chimps, emulation and stimulus enhancement, with some minimal evidence for true imitation, seem to be the primary way information is acquired [41] . In humans, imitation is not only over-learned and proceeds with great fidelity at an early age (beginning at about two years of age) but is also more sophisticated. This ability is thought to derive from an enhanced mirror system supplemented by a theory of mind that is able to deal with 4-5 levels of intentionality [10] premised on, (a) conscious experience projected beyond the present, (b) a capacity to understand the minds of others in order to evaluate emotions that facilitates social behavior, (c) an ability to employ these faculties flexibly over an extended timeframe thanks to a formidable episodic memory that is able to keep track of a considerable number of individuals based on their previous behavior [42] . These traits permitted hominins to engage in extended social interactions and facilitated the preservation of knowledge and transmission of ideas inter-and intra-generationally. As a result of these capacities, modern humans benefitted from increased levels of social interaction beyond that attainable by closely related hominins, including Neanderthals. In this regard, the material culture of anatomically modern humans may, in many respects, appear equivalent to Neanderthals [43] , but when population levels rose in either species, it was Hss that profited the most [44, 45] . This is due to the fact the upper population limit at which anatomically modern humans function as a group appears to be larger than that of Neanderthals [36, 40] . The reasons for this may reside in the fact that the parietal lobes, where diverse information is coordinated (especially in relation to mirror neurons and theory of mind), is larger in modern humans compared to Neanderthals [46] [47] [48] .
One of the effects of human brain enlargement and reorganization in response to the need for greater social interaction, more efficient predatory/foraging abilities, and tool making expertise, is the ability to -think outside the box.‖ In other words, the evolutionary parameters that led to brain growth/reorganization allowed one to reflect on matters not always limited to evolutionary instantiated domains. This capacity can be regarded as a non-functional co-opted corollary of a larger reorganized brain (extra cognitive baggage, as it were) that benefitted survival but at the same time facilitated maladaptive behavior as realized in culture [49] . Thus, although culture allowed Hss to adapt to the changing environmental conditions of the late Pleistocene through the sharing of skills, an inevitable consequence of this was that individuals became susceptible to the beliefs of others, which allowed maladaptive ideas to take root and spread in the sense that individuals became prone to deception. In other words, one of the inevitable costs that came with a complex brain equipped with a prodigious theory of mind, was a liability to be deceived by ideas that could easily spread through a community, especially in such a highly social species as Hss. It was this extra cognitive baggage that fostered a belief in the supernatural and associative thinking (linking entities not in reality linked as for example in animism) as manifest in ritual activities (repeated actions and ceremonies regarded as capable of influencing various entities) and belief systems regarding ancestor worship, gods, spirits, and suchlike (that was usually manifested in -art-like‖ activities). This meta-cognitive faculty seems to have had an adverse effect on human evolution in that supernatural agents were regarded as real and, because this was based on an -irrational‖ interpretation of the world (which was nevertheless still a way of trying to understand it and important to those concerned) led to behavior not always in the best interests of early humans. For example, resources were often directed towards activities such as creating artifacts to appease gods, such as the large figurines of Easter Island, which could have been better spent alleviating prevailing environmental problems. In the case of Easter Island, such behavior was the exact opposite to what was required to avoid disaster as the creation of the large stone figurines necessitated cutting down the last remaining trees of the island. In fact, such behavior may have delayed human -progress‖ even in the face of social cooperation and practical skills (the transmission of these skills, however, will have occurred more frequently within rather than between groups). It should be added, here, that such thinking is not confined to the past as, even in modern industrialized societies based on post-enlightenment objectivity, this mode of relating to the world often dominates [50, 51] . Moreover, post-enlightenment thinking itself is not without limitations in relation to confronting social issues and environmental concerns.
Human mental capacities, thus, seem to have derived from living in groups larger than that typical of both nonhuman primates and closely related hominins, and which continues to be tied to belonging to such extended groups. As stipulated, the coherence of a community can be maintained through the ability to detect and deal with free riders by way of a cheater detection mechanism, which may be one of the main reasons gossip exists [44] . However, as groups became larger and exceeded the natural limit of 150, cultural markers became critical, especially with the advent of sedentary lifeways. An important aspect of this relates to the in-group and out-group, whereby the in-group protects a certain territory that can be beneficially exploited with boundaries signified by particular activities, behaviors, and markers. This inevitably leads to confrontation with groups occupying adjacent territories which, in chimpanzees, often gives rise to extremely violent behavior toward the out-group by marauding male gangs [28] . It is clear this behavior has always been part of the human repertoire yet there are important differences that need to be addressed. Although humans seem to occupy a position halfway between chimps and bonobos in the aggression-cooperation continuum, this must have been biased towards cooperation otherwise humans would not formed large cooperative societies that began to occur during the Neolithic, if not before. This confirms that Hss is endowed with cognitive capacities associated with an evolutionary past spanning six million years very different to those that characterize either chimps or bonobos [36] .
Self-Domestication and Group Markers
One of the main ways humans differ from nonhuman primates concerns the artificial niche created by the former. Although nonhuman primates are capable of making a range of tools for various purposes, they do not intentionally demonstrate this to others in a structured way [52] . The ability to learn from others has allowed humans to construct an artificial niche that pervades all areas of life allowing them to inhabit an environment somewhat disengaged from the natural world. One of the consequences is that the evolutionary dictates that gave rise to humans has, to some extent, been neutralized in that it is the artificial niche which now influences the way evolution affects Hss [53] . This allowed self-domestication to occur whereby, in the same way that the brains of dogs have reduced in size due to domestication, so the human brain has reduced in size, which has been accompanied by a gracilization of physical characteristics as a consequence [54] . A reduced brain size, however, does not necessarily lead to an inability to deal with complexity as this is thought also to depend on brain organization involving dendrite arbor, white matter conduction speed, and proliferation of the arcuate fasciculus [22, 55, 56] . Although a large complex brain has generally been advantageous, it has engendered maladaptive traits in that many psychiatric problems are associated with such a hyper-complex neural system [57, 58] . Since diverging from the last common ancestor of chimpanzees and bonobos, the hominin brain has increasingly exploited a modular localized neural system embracing a modicum of integration with that of an increasing generalized ability [59, 60] as a result of transcriptional networks undergoing evolutionary remodeling-especially in the frontal lobe [56] . Appositely, it is the larger modules of the human brain, namely the hemispheric asymmetries, which are thought to be particularly vulnerable to malfunction in humans [61] , particularly as a prolonged juvenile period is required for such asymmetries to develop [58] .
One way extended communities were able to transcend the natural 150 population limit was by accentuating any slight differences marking out a community. This was achieved by exploiting aspects of the body through, for example, the use of different colored ochre, which may have allowed group allegiance to be identified at perhaps an early date [62] . When groups became sedentary, these markers began to take on great significance as a means of delineating territory that not only allowed the 150 population limit to be transcended, but also meant that such territory, while providing increased food resources, also needed to be defended against competing groups. Culturally defined markers therefore became an important means of keeping track of the community to which a person belonged, especially in settled agricultural economies where population levels had expanded. Because 150 people represents the upper limit that can be kept track of by each individual in a group by way of a trust network (through managing personal reputation), a means of tracking allegiances in groups exceeding this number became essential. So, although the use of these markers may have occurred relatively early-perhaps as early as 500,000 years ago-they began to be invested with greater significance and were exploited with greater effect with the arrival of settled communities.
Although cultural markers became progressively more important to settled communities, ritual seems to have already been practiced by anatomically modern humans 200,000 years ago, if not before [63] [64] [65] . For example, the 160,000 year old Homo sapiens idalto skulls seem to have been defleshed and were possibly carried in a sac [66] and evidence of areas set aside for ritual have been found at the 300,000 year old site of Bilzingsleben [67] . In addition, Homo heidelbergensis is thought to have indulged in incipient rituals where 32 bodies appear to have been deliberately cast into a pit [68] (also see Pettitt [68] for a review of evidence of ritual activity before the Upper Palaeolithic). Ritual appears to have been a means by which the world could be -explained‖ as a result of the aforementioned extra cognitive capacity linked to conscious awareness. In this sense, ritual can be regarded as an inevitable outcome of the mental apparatus of consciousness; the latter which allowed the world to be interpreted and gave the impression the underlying forces deemed responsible could be controlled or appeased. On the one hand, cumulative culture provided positive outcomes in allowing a community to respond more quickly than genetically based determinants or straightforward personal experience [20, 23, 69, 70] whereas, on the other hand, it led to maladaptive behavior that was not always beneficial to the survival of the individual or group, usually as a result of associative thinking. Yet, it seems that prosocial behavior ultimately prevailed over maladaptive tendencies.
Thus, in settled communities where the 150 population boundary had been crossed, the tracking of each individual to gauge social allegiance became cognitively problematic that led to costly displays developing, as embodied in rituals, which helped identify those lacking commitment to the group and promoted the delineation of group boundaries. In this sense, gods and other supernatural agents served as a policing system that were culturally selected to create conformity and cohesion that inevitably led to greater competition with out-groups [71] . Cultural group selection is, therefore, thought to have given rise to religious beliefs and ritual through manipulating human psychology as a way of increasing group solidarity and commitment [23] but which was deleterious to those restricted to the lower social ranks who became liable to exploitation-in contrast to those in the upper strata of society who benefited the most from this situation.
Other-worldly agents were, therefore, an evolutionary by-product in the sense that they did not arise through natural selection but were an unavoidable consequence of both theory of mind and conscious awareness, which was then co-opted by way of culture for controlling behavior in both extended and unrelated groups [71] . -Art‖, as such, did not exist as a separate discipline in this context, rather it was integral to the ritual process and may have been culturally selected due to the fact it is easily accommodated by human cognition [72] . One consequence of an increased dependence on group interaction and norms is that the human mind is formulated to expect the existence of a world that embraces such norms, which is believed to have originally facilitated the formulation of established institutions [73] i.e., institutionalized religions that developed from supernatural belief systems through intergroup rivalry.
It may have been the case, however, that before the rise of formal religious organizations, which were able to direct behavior according to specific rules, associative thinking was pursued in a rather ad hoc way. In situations of threat, due for example to environmental problems such as a draught or aggression from an out-group, emotionally derived factors tend to direct behavior in that supernatural entities are appealed to with greater frequency. This tendency seems to be the default mode in such circumstances and is easily roused in both modern and premodern groups. Indeed, the long period before the settled agricultural communities of the Neolithic from 500,000 to around 10,000 years ago, was characterized by relatively slow pace of practical innovation that may have been due to an over concern with activities and thought processes linked to associative thinking, as indicated by the Berekhat Ram and Tan Tan figurines dating to over 400,000 years ago [68] . Around 50,000 to 40,000 years, and possible as early as 100,000 years ago, a more rapid turnover of tool types [20] seems to have been accompanied by a rise in population levels [74] [75] [76] [77] -of which the implications will be discussed presently. In short, the moralizing high gods of late complex societies seem to have been absent from early small scale hunter-gatherer societies [78] , although ritual activity will have been practiced in the latter to ensure conformity.
In summary, the human psyche consists of a complex interaction of various factors, including some specifically linked to our evolutionary past that constrain behavior, some that give rise to associative thinking, whereas others are based on social interaction and the practical everyday problems of survival. However, it needs to be emphasized that it was only relatively late in human endeavor that practical utilitarian solutions for dealing with the world began to come to the fore.
Tracing the Rise of "Civilization"
Agricultural Communities
Evidence from archaeology suggests that human societies began to increase markedly in size from about 14,000 to 12,000 years ago when the first pre-agricultural villages appeared [79] (though, of course, population levels also increased and waned at much earlier periods in association with communal activities but this occurred within a completely different socio-cultural context). As early as around 11,000 years ago, sites from Turkey and Syria suggest that social organization began to change where concerted communal activity has been observed even before the transition to agriculture [80] . This may have begun with the herding of animals, which was also associated with greater collective behavior and belief systems as realized in monumental structures and -art.‖ In this regard, the recently excavated Gőbekli Tepe -temple‖ complex [81, 82] created by hunter gatherers consists of large monumental carved stones, reliefs, and sculptures of various animals and humans. Again, this suggests hunter gatherers invested great energy and resources in ritual activities that took precedence over practical, utilitarian and economic interests. The pervasive and often maladaptive nature of this kind of thinking can therefore be found in the enormous resources directed towards building monuments to appease or glorify supernatural agents. This contradicts the notion that monumental art and architecture only arrived in tandem with settled agricultural communities. Further evidence has come to light that supports this proposition where the invention of ceramics 17,500-15,000 years ago occurred, not for utilitarian purposes for making vessels/pottery as was previously thought, but rather for creating sculptural objects (i.e., -art‖) in the service of ritual [83] . Thus, even before the arrival of the first settled agricultural communities, enormous time and effort was expended to create buildings and various artifacts for ritual purposes. Such maladaptive behavior continued into the era when the first settled agricultural communities arose during the Neolithic. The negative consequences of relying on associative thinking to solve immediate problems is aptly summarized by Ronald Wright [84] where he sets out the way various -civilizations‖, rather than confronting the real practical issues of survival, directed attention towards supernatural agents. The many ways in which ritual and associated activities were either self-destructive or served to direct the course of behavior in premodern societies has also been extensively catalogued by Edgerton [85] and Carneiro [51] .
With the arrival of settled agricultural communities, territory came under the ownership of a particular group and therefore needed to be defended. The domestication of cereals and other crops, as well as animals, led to the need to protect such goods, which also spawned greater technological expertise that improved survival rates and led to a further increase in population levels. Of course, one of the consequences of having to defend land and associated products was the need for individuals with specialized skills capable of repulsing attackers from other communities intent on plunder, etc. This will have driven the need to be always one step ahead of one's opponents by inventing new ways of overcoming threat. On the plus side, however, a great advantage of higher population rates now living side by side in settled communities is that innovation increases as there are more opportunities for ideas and skills to be exchanged [45] . Thus, human -progress‖ seems to have involved a dynamic whereby cooperation and antagonism between groups constituted the main driving force, which, along with rising population levels, provided a gradient that allowed innovative technologies to proliferate. This was reinforced by a proclivity to adhere to group norms-a product of gene-culture coevolution-which was underpinned by punishment of those who transgressed group rules [44] . Although the Upper Paleolithic evinces an increase in technological prowess with signs of this also existing sporadically during the Middle Paleolithic [86] , it was not until agricultural communities developed that the balance began to shift more toward practical concerns. For example, sophisticated carpentry is now thought to have appeared during the Neolithic, which led to increased deforestation and the clearing of land for agriculture [87] . This does not, however, imply that there was a sudden loss of interest in the power of the supernatural to influence events; rather the bias seemed to have shifted toward issues of practical import. Having said this, it needs to be again emphasized that many groups throughout the world continued and are continuing to base their world view on supernatural agents [51] .
Villages and Towns
As societies became larger, even bigger defensive groups and alliances were required to match a similar tendency in other groups, which is why we see a progression from villages, towns, city states to nation states from antiquity to the modern age. Although, it should be added, this was by no means a linear process with some groups remaining fairly static, especially in isolated situations or where population levels/densities remained low. Moreover, the relationships between groups will have been flexible where exchange of goods and trade in periods of abundance tended to encourage cooperative tendencies. Technology and better communication systems have not only promoted more efficient sharing of information, but also the means to form larger integrated groups that adhere to generally accepted norms. This is formalized in institutions, whether ordained by religious dictate or what an elected consensus decides this should be. What is intriguing about these developments is that, although practical efficacy began to exert more of an influence, human cognition continued to rely on hunter gatherer thinking of the late Pleistocene. This derives from the enduring cognitive domains already referred to, especially those involving social functions. However, as emphasized, because a hypertrophied brain had given rise to surplus mental capacities, such domains were amenable to exploitation and colonization by accumulated cultural knowledge for purposes to which they were not originally designed [88] . The development of various technologies, whether related to farming, buildings, tools, etc., can be seen as the material embodiment of these redirected/reformatted information processing capabilities that depended on co-evolutionary epigenetic factors for their realization. A feedback mechanism will thus have occurred whereby, as more complex technologies were created through the ratchet effect, so greater amounts of information became fixed in both material form and in personal expertise capable of being transmitted to future generations, especially when population rates and densities increased significantly. The importance of the rise in population levels/densities cannot be underestimated because it is thought this provided the context that allowed information to be transmitted, extended, and passed on to subsequent generations [45, 75, 76] .
Although the material items produced by humans encapsulated useful practical information that could be potentially transmitted, it was the invention of writing systems that was transformational. Despite speech serving as the predominant means of exchanging information long before writing, its impermanence rendered it relatively unreliable. Writing, however, provided an exceptionally dependable, efficient, and flexible means of transmitting information on many levels to future generations. Thus, it was the ability to share information in increasingly efficient ways in permanent form that, together with the rise in population levels/densities, led to a surrogate but shared interactive virtual -brain‖ [65] . As the brain had reached a natural limit in size and complexity, such an externalized virtual brain provided a means by which such restrictions could be circumvented [65] . Not only could knowledge now be shared intra-generationally but also inter-generationally with greater dependability that could be utilized to set up and manage institutions for achieving greater communal stability. This represents an extended level of information processing that allowed humans to domesticate themselves by changing the environmental niche by constructing of villages, towns, and cities within ever larger states and countries as population rates burgeoned. It is telling that, as population levels increased and the knowledge base expanded, thus giving rise to more and better technical innovations, states also expanded in size in order to meet the challenge from other population centers that were expanding at the same time. This gradient was nurtured by a process of fission and fusion [89] that had begun during the Neolithic when agriculture first took hold.
Although cumulative knowledge led to innovations that allowed larger populations, on average, to live in harmony, this did not mean cultural knowledge had neutralized the evolutionary instantiated domains already referred to. The fact that, despite the advantage of thousands of years of accumulated knowledge, humans continue to engage in hostile, often violent, actions involving nation states, suggests that these domains are as pertinent as ever. As we have seen, such enduring domains tend to determine behavior especially in times when threat prevails, yet, over the long term, cooperation appears to have counteracted the negative effects of enmity.
This brings us to a consideration of our attitude toward the natural world and how this plays out in the modern world. We have seen that there are evolutionary instantiated cognitive domains for dealing with the natural world, the perception of which led to different interpretations as to what such a world contained or implied. For the most part, this understanding was based on associative thinking where the idea there is a separation between the natural world and the self did not exist. Both the world and the subjective self were regarded as permeable and part of a flux whereby spirits and suchlike could inhabit things and influence the present and future in multiple ways [90, 91] . Although such thinking was often counter-productive, it was nevertheless an attempt to -understand‖ and control nature that grew out of fear of its unpredictability and a respect for its immensity. This -understanding‖ was, however, still based on a need to affect the world in a way that could benefit humans, though this also led to a situation where humans were often drawn into the melee and suffered as a consequence. Following the Neolithic, this sensibility began gradually to wane, thanks to the influence of urban centers where knowledge was concentrated and shared between individuals who now engaged in specialized skills. This eventually led to practical, utilitarian modes of thinking coming to the fore. In effect, the supernatural, although continuing to be influential in some spheres, especially in relation to the moral and social as a means of controlling behavior, nevertheless became less dominant in other realms particularly where technical expertise was required. In the same way that the human anatomy, including the brain, has been the result of various structures arising one from another to create what has been termed a -kludge‖ [54] , so human behavior/cognition and its material embodiment arose in a similar fashion involving a mishmash of various components, some driven by practical need whereas others continued to rely on more fanciful ideas.
Consequences of Human Behavior
To reiterate, one of the consequences of a brain conceived to cope with the complexities of social interaction was the ability not only to escape from the tyranny of the present but also the ability for conscious reflection. This kind of cognition inevitably gave rise to associative thinking in that the world as experienced phenomenologically needed to be explained. -Content biases,‖ which are transmittable phenomena inherently memorable due to the intrinsic structure of the mind or the robust responses they evoke, e.g., the predilection for fairy tales or various myths [92] , seem to be associated with this kind of thinking. Although the emphasis, from the Neolithic onwards, had progressively shifted towards understanding the world on a practical materially-based level, which led to obvious benefits for humankind, there has been a reluctance to apply this mode of thinking to socio-moral and religious concerns; mainly because this has been a highly sensitive area of investigation that strikes at the heart of a community's self-identity. It is only recently that the attraction of the supernatural (even Isaac Newton was fascinated by alchemy and the occult) has been superseded thanks to the insights of the Enlightenment and secular humanism. Yet, although Darwin demonstrated how humans are intimately related to the natural world in complex ways as is any other species, a human-centered outlook continues to prevail. By this I mean that the social factors fostered by evolution that led to the way the human brain evolved and how cognition and behavior became structured, and which determined how the world is viewed, continues in the modern world with respect to the way humans regard themselves. In other words, the social aspects of human interaction continue to hold sway but, thanks to improvements on the practical level, the social imperative has now been projected onto technology itself. In this scenario, whenever human concerns are threatened or at risk it is Hss who is given priority over issues concerning the natural world. In fact, it seems that the human prerogative takes precedence even when this involves trivial needs. This can be related to the evolutionary mediated preferences referred to earlier where things that were once difficult to acquire in our evolutionary past, sugar, fat, and salt etc., are now widely available almost without limit. Indeed, these kinds of biases are eagerly exploited by the media within a consumer-dominated society to the extent they have become commodity fetishes. Interestingly, Marx and Engels alluded to this type of fetishism as -the religion of sensuous appetites‖ [93] . Similarly, content biases have also been exploited by commerce, mainly through advertising and publicity, in that those aspects of the mind easily evoked due to our evolutionary past are exploited for commercial benefit. Thus, the social imperative is now expressed through objects that are deemed to have intrinsic value [94] . This tendency can be linked to obsessive behavior where individuals, and even whole communities, become addicted to objects as exemplified in various fads, fashions, and related activities. It is as if those parts of the brain that evolved to meet primary needs are now over stimulated when the need for such stimulation no longer exists and is often self-defeating. Obsessive behavior of this type may, in fact, have begun quite early, perhaps as far back as 500,000 years or more, when a concern for perfection in the form of symmetrical handaxes first occurred that went beyond the purely functional [74, 95, 96] . Many of these tools were also made in great numbers and discarded without apparently having been used [97] . This preference for the non-functional can also be observed in a concern for beads, crystals, as well as the making of cupules, repetitive lines and patterns [64] . As Bednarik [96] states , the artificial niche constructed by humans may be a consequence of an obsessive addiction, initially for the non-functional, then increasingly the functional.
The cognitive domains that were previously so important to the survival of humans during the Pleistocene, which were tied to the prevailing environmental conditions, therefore continue to operate in modern humans but are now liable to be either hyperstimulated, as described, or are usurped by other functions relating to the artificial niche in which humans now mainly reside. The latter point is particularly important insofar as advanced extra-somatic information capacities are concerned, e.g. writing and number systems that exploit long-standing cognitive domains for purposes for which they were not initially designed. It is notable that, as population numbers began to increase significantly during the Upper Paleolithic and Middle Stone Age, rates of innovation began to augment in both technical and art-like skills [75, 86] . The invention of writing and numerical capacities will also have been a consequence of rising population trends where ideas were more likely to be shared in the context of more settled communities involving trade networks. Thus, culture allows a community to track and respond to any environmental events in a way that is more flexible than is the case for most other species because it is not tethered to genetic imperatives that respond more slowly over a number of generations. Yet, there lies the problem in the sense that the socio-cultural dimension has been so successful in allowing human population rates to expand that this now threatens not only the survival of humans but the biodiversity on which life mostly depends.
Perhaps Hss should more accurately categorized as Homo patternus obligatus as our obsession to seek out, deal with, and nurture various kinds of information on many different levels is obvious. In this sense, the brain is primarily concerned with detecting constancies of the world that promote survival. After all, a major part of the brain's function involves identifying and processing various kinds of pattern, a contingency that also applies to language and the decoding of social lifeways. This has developed to such a sophisticated level in Hss that the associated neural networks have become overly complex and convoluted, thereby giving rise to the aforementioned mental disorders, unknown in chimpanzees or bonobos, that typify humans as a result of the inherent instability involved [56, 98] . Moreover, it is this seeking after pattern that appears to underwrite culture. As Holloway [99] states, culture can be defined as: -that complex whole…shared by man as a member of society…is also the imposition of arbitrary form upon the environment.‖ Having found a pattern, humans tend to dwell on its merits. From this perspective, far from being a sophisticated ape, we are a very special and different kind of primate where a significant gulf separates us from even our closest living primate relatives [36] ; that said, we are still a continuation of the line that evolved from earlier primates. Note, the reason Hss represents the only surviving Homo species may be due to the fact that we outcompeted other closely related hominins thanks to a flexibility that comes with a more complex brain capable of exploiting socio-cultural imperatives in the face of a rapidly changing environment. This fact, alone, may be why we appear to stand out from other primates in that we outcompeted other hominins to extinction.
Similarly, it is believed that the demise of large animals during the end of the Pleistocene was, at least in part, due to the increased technological expertise attained through expanding human population levels-though climate change will also have been influential [100] . This trend can be observed in the Upper Paleolithic art where, in the earlier period, a greater number of large animals and predators were depicted compared to near the end of this epoch. These depictions, however, suggest there continued to be a reverence accorded to the animals portrayed. During the subsequent Mesolithic, the scenes in Levantine art suggest Hss completely dominated the remaining fauna as represented by groups of humans pursuing animals with various weapons. With the arrival of agriculture and settled communities the domination of animals continued, especially with the invention of new technologies for the clearance of forests, for growing crops, and the increasing domestication of key species. But these developments were never straightforward as many communities, even whole civilizations, were to rise then disappear, often due to over-exploitation of the prevailing natural resources that was invariably exacerbated by appealing to supernatural entities rather than taking the requisite practical action. The ability to manipulate symbolic information systems with ever greater efficiency also led to a quickening in the exchange of ideas that, in turn, led to increasingly efficacious means of exploiting natural resources. This was furthered by ever rapid modes of exchanging information beginning with the printed word and culminating in electronic systems that, with the rise of highly specialized individuals in particular fields of expertise, meant that ways to exploit the natural environment continued apace. Ultimately, these extra-somatic forms of exchanging information acted as an extended brain able to deal with information in ways that the brain itself is unable to achieve [63] .
Ecology and Environment
As the natural environment throughout human evolutionary history was regarded as something to be feared or appeased (and therefore either respected or controlled) by whatever happened to be the presiding sensibility, this attitude continues today as can be seen by the rapid demise in biodiversity caused by human overconsumption. Although supernatural thinking saw the human and natural world as intimately related and interdependent, which included communing with and a respect for spirits on a number of levels, this was nevertheless predicated on the notion that through human intervention gods could be assuaged in order either to influence natural events or gain favor. Now that technologies exist that exert real control over nature, a rapid decline in species diversity has ensued. In the main, the natural world and corresponding biodiversity, rather than being regarded as something to be cherished continues to be seen as -the other‖ because of its apparent randomness that needs to be controlled to meet human needs.
This attitude continues in the recent notion techno solutions might be able to cure the problems caused by human activity, e.g. carbon capture, genetic tinkering, atmospheric control, etc., but as the natural world is a highly complex interdependent system we still do not fully understand such -solutions‖ may lead to even greater problems. For example, on every occasion where humans have intervened to restore the balance of nature, this has led to disaster. As the natural brain seems to have reached a self-imposed limit [97] , it has even been suggested that we might be able to escape such a constraint by providing brain prosthesis capable of supplementing brain capacity [101, 102] . As a result, it is surmised the usual Darwinian imperatives might be capable of being circumvented. Techno solutions to complex problems, however, when pitted against natural selection, tend always to come with a downside. For example, antibiotics may have helped guard against certain diseases in the short to medium term but, in the long run, bacteria build up a resistance making antibiotics ineffective. In addition, the notion that technology and the associated artificial niche have insulated humans from natural selection may be exaggerated as selection continues to operate on many levels in humans [103] . Nevertheless, because we have, in some contexts, been able to escape the raw forces of Darwinian evolution through gene-culture coevolution, this has led to the precarious situation we now find ourselves in vis-a-vis climate change and the astounding loss in species biodiversity. If we are indeed now in the Anthropocene, characterized by such changes where one species, namely Hss, is responsible, it needs to be borne in mind that, in the same way as in previous geological periods, climate can respond rapidly to alterations to the prevailing equilibrium. If the examples of the collapse of previous civilizations are anything to go by [84] , we may be already in the midst of yet another such demise but on a global rather than a localized scale. Climate change could, accordingly, be the means by which Darwinian imperatives have the last word in bringing humans back into its fold.
Discussion
The foregoing suggests that humans are a special primate with qualities and a behavioral profile very different to that of our closest existing relatives. The evolutionary trajectory through which this was achieved involved a unique series of events over six million years where the brain expanded and developed in tandem not only in response to environmental conditions but also social factors, cultural input, and emerging technologies [89] . This involved a growing flexibility which, although at first extremely modest, became significant when the brain reached its maximum size and complexity that was augmented by accumulated culture and rising population levels. Although supernatural thinking constrained practical solutions to environmental problems, as a result of a greater sharing of ideas, this eventually led to a mental set that became disposed towards the practical that could potentially deal with such problems. However, the products deriving from the technologies concerned became increasingly faddish by appealing to content biases that now no longer satisfy essential needs but are repeatedly indulged to the detriment of the natural environment itself. Although a practical utilitarian mode of relating to the world has come to the fore during the modern age, much human activity continues to be centered around social concerns where enduring cognitive domains from a hunter gatherer past influence and direct behavior on two levels. First, through a consumer-driven society that is parasitic on such domains, which has led to an over-exploitation of scarce resources to the extent that this has been detrimental to both ourselves and the biosphere. Second, by continuing to engage in maladaptive thinking whereby irrational thought processes largely determine behavior. In addition, although humans seem, on one level, to have overcome the struggle with the natural world, this has now been replaced by a struggle between existing cultural groups that takes place within the humanly generated artificial niche. The -progress‖ that modern humans enjoy, however, is one that stemmed from an aggression/cooperation dynamic where cooperation seems to have been the dominant force but which, nevertheless, has deleterious consequences for the natural world. Having said this, humans can be regarded as a privileged species in that they are able to reflect not only on their own destiny but how this impacts on other species. Despite this, human endeavor continues to be constrained by enduring cognitive dictates unique to us as a species and it is only through enormous intellectual effort that such constraints can be overcome. Unfortunately, most of the world's population continues to base its judgments and belief systems on the former rather than the latter; a fact that applies to Western democratic systems where a consumer mentality continues to flagrantly exploit the inherent vulnerabilities and tendencies of the human brain with all the disastrous consequences this has for the environment.
Conclusions
One of the main themes emerging from the present analysis is that humans have become an invasive species to such an extent we now pose a danger not only to ourselves but many of the other species on the planet. This has arisen from the fact that human brain capacity has provided the competence to achieve many things on many levels that allows the manipulation of arbitrary informational systems that has led to a -patterned insanity‖ [7] . Yet, some human achievements have been truly impressive but the price to be paid has been modes of thinking and acting that have not been in the best interests of humans or other species. One of the main reasons for this state of affairs concerns the many maladaptive practices that necessarily accompany a large complex brain that allows the irrational to be treated and acted on as if real. A great paradox of human existence also consists in our ability to reflect on events by escaping from immediate imperatives. This has allowed an understanding of the fundamentals of nature yet, at the same time, we remain tied to such contingencies in being unable to dispassionately consider the dichotomous aspects of human behavior that are a fundamental attribute of our human heritage. In the last resort, human existence as presently configured, continues to depend on an antagonistic-cooperative interactive dynamic to the extent that the various achievements remain a product of this dynamic. Although there seems to have been a bias towards cooperative affiliation, this continues to center on humans as a species. Whether such a cooperative sensibility can eventually extend to other species with whom we share this planet before many of them become extinct remains to be seen but the omens are not good.
